Background/Objective: The aim of this study was to describe the evolution of total and regional fat mass according to gender, and to establish age and gender-related differences in a largely non-obese sedentary Spanish sample population using dualenergy X-ray absorptiometry (DXA). Subject/Methods: A total of 1113 healthy subjects (397 male and 716 female) from the city of Alcalá de Henares (Madrid), Spain, were used in the study. Fat mass measures were obtained from DXA scans of all subjects. Total body fat and body fat in three subregions (trunk, arms and legs) were evaluated. Results: As opposed to males, females showed from early infancy a smaller rate of muscular mass and a larger percentage of body fat (from 10 years of age), with fat deposits being basically gynoid or peripheral. With age, females showed a greater increase in fat mass together with an accelerated loss of muscular mass. Both rates tended to level out between 51 and 65 years of age. Between the ages of 40 and 60, females exhibited significant morphological evidence of larger fat depots in their legs. Conclusions: Gender differences in the patterns of proportion and distribution of body fat, as well as in the pattern of body fat evolution, were found from early infancy. Further research is required, including assessing fat mass variables in order to unravel the dynamic of body composition and to understand the complex relationship between trunk fat mass deposits and the health risks associated with obesity.
Introduction
Obesity is a worldwide epidemic that currently is usually associated with poverty in developing countries (James et al., 2001) . We can find its causes in the consensus statement: childhood obesity (Speiser et al., 2005) . Various papers have been published on overweight and obesity epidemics among children in European countries (Lissner et al., 2000; Lissau, 2004; Moreno et al., 2005) .
Body mass index (BMI) is commonly used to classify underweight, overweight and obesity in adults. BMI values are age-independent and the same for both sexes. However, BMI may not correspond to the same degree of fatness in different populations due to different body proportions. A major limitation of BMI is that it does not differentiate between weight that is fat and weight that is muscle, and therefore may lead to the misclassification of very muscular individuals as overweight. Whether fat or lean mass is dominant depends on age, sex, pubertal stage and ethnicity (Daniels et al., 1997; Maynard et al., 2001) .
The distribution of fat in different regions of the body may be affected by menopausal status (Ijuin et al., 1999) , nutritional status (Kerruish et al., 2002; Haderslev et al., 2003) and lifestyle (Forrester and Gorbach, 2003; Jones et al., 2003) . Fat distribution appears to be more important for cardiovascular risk factors in young subjects than overall adiposity (Daniels et al., 1999) . Most previous studies of fat distribution have used indirect anthropometric methods to estimate the pattern of fat distribution (Fleta et al., 2000; Vizmanos and Martí-Henneberg, 2000) . Dual-energy X-ray absorptiometry (DXA) is a relatively safe but expensive method of assessing total body fat. It is both precise and easy for subjects to undergo. An X-ray exposure is minimal. However, DXA is limited by its inability to distinguish between subcutaneous and visceral fat. DXA is most useful for research purposes (Speiser et al., 2005) .
DXA has been used in studies of the overall adiposity of individuals in different age groups. It allows for quantification of fat mass in defined anatomic regions of interest, thus permitting more precise evaluation of the impact of fat distribution (Lindsay et al., 2001; He et al., 2002; Snijder et al., 2002; Sternfeld et al., 2002) .
The purpose of our study was the densitometric analysis of the whole body composition, including its evolution in different body regions for each gender and establishing gender differences for each age group.
The results obtained for fat compartment after total and regional analyses are shown later.
Materials and methods

Subjects
For the purpose of this cross-sectional survey, 1113 healthy subjects (397 males and 716 females) were recruited from the Spanish city of Alcalá de Henares. All subjects were Caucasians, of similar social status (low/middle class) and leading almost sedentary life-styles. Occasional physical exercise was performed only by the school-age portion of the sample, which performed the organized, compulsory exercises at their respective schools. The sample was divided into 16 groups of 5-year intervals. Subjects' age ranged from birth to 80 years. The individuals were selected from volunteers who responded to advertisements in local newspapers. The number of subjects in each age group was determined according to the number of volunteers in each age group and to the proportion employed in previous investigations (20% of volunteers were excluded from the sample). The inclusion criteria were the absence of any pathology (diabetes, liver disease, kidney disease, endocrine disease) and pharmacological treatment that could alter fat metabolism. Pregnant women and those who had recently undergone diagnostic tests using nuclides were excluded from the study. Also excluded were volunteers who had ingested barium or been injected with radio-opaque substances which might alter photonic absorption by different tissues.
Some subjects were social drinkers, and none drank more than two cups of coffee per day. Only 8% of the subjects smoked, but in any case, more than 10 cigarettes per day. Subjects completed a questionnaire to provide a short medical history, and basic clinical examinations were performed.
According to World Health Organization (WHO) criteria, 17% of the subjects were underweight, 62% were in the normal range, 19% were pre-obese and 2% were obese.
Body weight was measured using a biomedical precision balance, and height was measured to the nearest 0.1 cm using a Harpenden stadiometer. Infants under 2 years old were measured in a supine position. BMI (kg/m 2 ) was calculated. Menopause was defined as 12 consecutive months without a menstrual period. All subjects were from the sanitary district of the Principe de Asturias University Hospital (Alcalá de Henares). All subjects gave their informed consent. In the case of minors, consent was obtained from parents or the legal guardian. Measurements took place between 1998 and 2003. The study protocol was approved by the Office for Protection from Research Risks of the Alcalá de Henares Medical School.
Densitometric studies A Norland XR-26 densitometer, software version 2.3 (Norland Co, Fort Atkinson, WI, USA, Emsor SA, Madrid, Spain) was used for all studies. The scanner was calibrated daily against a standard calibration block supplied by the manufacturer. All metal objects were removed before densitometry. Subjects were placed in a supine position and correctly centered on the exploration table. Infants were scanned when asleep. To begin the scan, the starting point was placed 1 cm directly above the center of the patient's head. A baseline point was marked on the abdomen in an area of maximum soft tissue thickness. The defined exploration was completed in an average time of 20 min. One observer was responsible for analyzing scans. In our laboratory, the coefficients of variation in adults were 2.5% for fat mass and 2.4% for percentage fat mass. In infants and young children, the magnitude of fat-percentage errors was small and may not be of clinical or research significance (Testolin et al., 2000) . Fat measurements of 10 normal subjects were taken at intervals ranging from 1 to 16 weeks, in order to assess the reliability of continued measurements. The total radiation dose per individual always remained below 5 mrem. In order to evaluate the effects of fat distribution, three regions were manually determined. We selected the various body zones according to established standards, as provided by the equipment-specific software.
Soft tissue calculations were performed for the following magnitudes:
STM, soft tissue mass (in g). BMC, bone mineral content (in g). TBM, total body mass ¼ Total BMC þ Total STM (in g). TSTM, total STM (in g). LBM, lean body mass ¼ TSTMÀFAT Mass (in g), where 90% its magnitude correspond to muscle mass.
The following variables were analyzed: TBFM, total body fat mass. %FAT, percentage body fat. TrFM, fat mass in trunk. AFM, fat mass in arms. LFM, fat mass in legs.
ExFM, fat mass in extremities ¼ AFM þ LFM. The fat percentage for trunk, extremities and legs is fat/ TBFM Â 100. %LBM, percentage lean body mass
The values of all variables are expressed in kg and percentage.
Statistical methods
Statistical analyses were performed using the statistical and data management package SPSS for Windows, Version 10.0. The results were expressed as the mean value (s.d.) for each densitometric variable by gender and age group. The data were stratified by intervals of 5 years. Univariant variance analysis (ANOVA) was used to check the effect of gender on the densitometric variables considered. After introducing the necessary adjustments for weight and differences in mean values by gender, a Student's t-test was performed. The non-parametric Mann-Whitney U-test was performed for age groups with a smaller sample size (15 and 16 year olds). Multiple comparisons were made between the mean values of the variables for all the age groups using the Bonferroni test. Significance was set at Po0.05 for all tests. The correlation between BMI values and fat percentage in both males and females was analyzed using the Pearson correlation test. Age-and sex-specific percentile distributions were calculated for TBFM and %FM. The ith percentile (Pi) was the value at or below which there was i% of the sample. Table 1 shows the anthropometric characteristics of the sample study. Age-and gender-specific means and s.d. for TBFM, %FAT, TrFM/ExFM and TrFM/LFM are provided in Table 2 . Figures 1-4 show total body fat and percentage body fat curves for the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentile for both males and females.
Results
BMI, weight and height BMI increased slightly with age for both males and females, ranging from 16 to 28.6 and 16 to 26.6 in males and females, respectively, higher values being reached in middle-age people.
Height increased progressively to 20 years of age in females, and to 25 years of age in males and stabilized thereafter.
Weight increased progressively in males to 25 years of age and stabilized thereafter. In females, weight increased to 60 years of age and slightly decreased thereafter.
Generally, males were taller and fatter than females in all age groups, although the BMI only showed significant differences for the 16-20 age group. Table 1 shows the differences in ageand gender-specific mean values for these magnitudes.
Absolute values of total fat mass and percentage body fat
Figures 5 and 6 exhibit the age evolution of TBFM and %FAT for both genders, respectively.
In males, TBFM increased from birth through 30 years of age, registered a slight decrease between the ages of 30 and 35, and increased again to 70 years of age. In females, TBFM increased from birth through 20 years of age, stabilized Fat mass in healthy population S Aguado Henche et al between the ages of 20 and 35, increased again to the age of 55 and stabilized thereafter until the age of 70. In females, %FAT followed an evolutional pattern similar to that of TBFM. In males, %FAT increased to the age of 10, decreased between the ages of 10 and 20, and increased anew to the age of 70. TBFM and %FAT decreased after the ages of 70 in both genders.
There were significant gender differences in TBFM and %FAT from the age of 11 to the age of 80, while the mean values were always higher for females (Table 2) . 
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We found correlations between BMI vs TBFM and %FAT (r ¼ 0.825, r ¼ 0.486) for males and (r ¼ 0.862, r ¼ 0.767) for females, respectively, (Po0.0001 for all r-values) in the overall sample (Figure 7) . In analyzing the correlations by age and gender groups, no correlations were found for BMI vs regional fat (%TrFM, %ExFM, %LFM). Correlations among BMI vs TBFM and %FAT were found between the ages of 6 and 65 for females, and between BMI vs TBFM for males up to 55 years old. Figures 8 and 9 show the evolution of the regional percentage of fat mass deposits and %FAT and %LBM, in males and females, respectively. The age-adjusted evolutional pattern of peripheral fat distribution (LFM and ExFM) was very similar for both genders. Peripheral fat deposits increased from birth through the ages of 15-25, and subsequently stabilized.
Regional fat distribution
The age-adjusted evolutional patterns of central fat distribution (TrFM) showed gender-related differences. In males, central fat deposits increased to the age of 55, and stabilized thereafter. In females, central fat deposits increased from birth to the age of 70. Males registered larger central fat deposits.
The absolute values of LFM were significantly higher for females from the age of 11 to the age of 75 (with the exception of the 26-30 age group, where the differences were not significant). The age-adjusted absolute values of TrFM were higher in females, although gender differences were not as significant as for LFM.
The TrFM/ExFM showed significant gender-related differences from birth to the age of 75, with the exception of the 11-15 age group. Mean values were higher in males. 
Muscle mass proportion against fat mass
The LBM/TBFM showed significant gender-related differences from birth through the age of 80, and the values were always higher for males. The %LBM declined throughout life, although the decline was more significant in females, where the proportion of fat mass and muscle mass reached similar values between the ages of 51 and 65 (Figures 8 and 9 ).
Discussion
Fat mass is the most variable component of body composition, and between-individual variability ranges from approximately 6 to 60% of total body weight (Baumgartner, 2005) . Many studies suggest there are three critical periods for the development of obesity and its complications. These include gestation and early infancy, the period of adiposity rebound that occurs between the ages of 5 and 7, and adolescence. The obesity that begins at these periods appears to increase the risk of persistent obesity and its complications (Dietz, 1994) .
Our study of prepubertal children (ages 0-10) showed no gender-related differences in age-adjusted weight, height or BMI. Both %FAT and the absolute mean values of total and regional fat mass increased progressively in both genders. Although no statistically significant gender-related differences were found, the values were usually higher in girls. In addition, girls had a significantly higher proportion of fat mass than of lean mass, and larger peripheral (extremities) fat deposits.
Between the ages of 11 and 20, males registered the highest proportion of lean mass vs fat mass; and from the age of 16, central fat deposits were both proportionally and significantly greater than those of females. In females, no ageadjusted (after adjustment for the effects of age) differences in fat mass were found when comparing pre-and postmenarche girls (taking only into account the age of menarche). This result is consistent with those of other researchers who employed the Tanner stages (Teixeira et al., 2001) , but is opposed to the findings of Rico et al. (1993) . Hammami et al. (2003) found an independent gender effect on soft tissue body composition in neonates studied using DXA. Male infants had higher lean mass but lower fat mass.
Also using DXA, Koo et al. (2000) found that gender has an independent predictive effect on the amount of lean mass and fat mass at birth. In addition, the gender difference in fat mass and lean mass increased throughout infancy. The increase in fat mass in females was accompanied by a similar decrease in lean mass, which is consistent with our findings. Subsequent studies to assess TBFM and muscle accumulation in prepubertal children using DXA yielded conflicting results. Some investigators observed no gender-related differences in body composition (Rico et al., 1993; Cowell et al., 1997) . Others reported that girls had more fat and similar muscle mass (Ogle et al., 1995; Molgaard and Fleischer Michaelen, 1998; Johnson et al., 2001) . Still others suggested that, compared with boys, girls had more fat but less muscle (Nagy et al., 1997; Taylor et al., 1997; Lindsay et al., 2001) . The divergences in these results are perhaps due to the effects of the different samples studied (age, geographical location, ethnicity, hormonal status, physical activity, lifestyle and so on).
Using hydrodensitometry in a study of children (aged 8-18 years), Maynard et al. (2001) revealed that weight increase in boys was mostly related to the increase in muscle mass, while variations in fat mass were slightly negative between the ages Fat mass in healthy population S Aguado Henche et al of 14 and 15, and between the ages of 16 and 17. In girls, weight increases related mostly to the increase in lean mass through the age of 16, and thereafter to increases in fat mass. Our study showed that between the ages of 10 and 15, boys experienced an increase in the proportion of muscle mass paired with a decrease in fat mass, the process being the reverse in girls.
The distribution of fat is an accepted criterion in the prediction of cardiovascular risk for both children and adults. With regard to fat distribution, we found that females are gynecoid from birth while males are patently android from the age of 16, a finding that may be consistent with other DXA studies (Ley et al., 1992; Wu et al., 2001; He et al., 2004) .
Studies of waist circumference in children from different countries agree that this variable increases with age for both boys and girls where boys have greater mean waist circumference values than girls at every age (Moreno et al., 1999; McCarty et al., 2001; Katzmarzyk, 2004; Wardle et al., 2006) . The study in Spain showed that these differences were especially significant after the age of 11.5 years. In Spanish children (aged 6-14.5 years), hip measurements were greater than waist measurements in both sexes, and the two curves run nearly parallel in males. In females, while hip measurements grew continuously, waist measurements had the reverse tendency between the ages of 11.5 and 14.5 (Moreno et al., 1999) . Our findings may contribute to the explanation of this fact: %TrFM is larger in males than in females, although the differences in our findings are only significant after the age of 16. However, significant gender-related differences were found to TrFM/LFM in children after the age of 11.
In a study on subjects aged 44-66, Guo et al. (1999) found that although there were no gender-related differences in total fat mass, males at every age were significantly taller and heavier and presented a higher proportion of muscle mass while females presented a higher proportion of fat mass. Our study showed significant gender-related differences both in TBFM and %FAT for these age groups, with higher mean values for males.
In a four-compartment-based study on females aged 65.3-80.9 years, Revilla et al. (1992) found that while TBFM decreased with age, total LBM remained unchanged. Our study showed a similar decrease in fat mass, although from the age of 70. In a previous study, no significant changes in LBM were found for this age group (Aguado et al., 2006) . Other researchers found a gradual increase of TBFM that increased until B56 years of age (Welch and Sowers , 2000) , or until 75 years of age (Casas et al., 2001) , concomitant with an increase of TrFM, %TrFM and %LBM.
Some studies using DXA (Wang et al., 1994 and Douchi et al., 2002) suggest that postmenopausal changes in body fat and fat distribution were more dependent on age than on menopause, in opposition to Trémollieres et al. (1996) . No menopause-related differences were evidenced in our study for similar age groups. Further investigations using longitudinal designs and precise methodologies to measure body fat distribution are needed to clearly establish the effects of the natural menopause transition.
Studies using DXA and other techniques have found that LFM seems to protect against a disturbed glucose metabolism and atherogenic lipids (Williams et al., 1997; Seidell et al., 2001; Tankó et al., 2003; Snijer et al., 2004; Bos et al., 2005) . Females exhibited greater amounts of fat mass in their legs from birth. Differences in males have been found during their lifespan, and they reached a highly significant difference between the ages of 40 and 60, in both TrFM/ ExFM and TrFM/LFM. These values were lower for females. This implies that morphological evidence for a protective factor against cardiovascular diseases is present in females of these ages.
BMI serves as good surrogate marker for obesity in population studies. However, a significantly lower correlation existed for BMI vs body fat distribution, which may be a limitation when BMI is used to study cardiovascular risk factors in epidemiological studies. The results of our study confirm that BMI and more direct measures of fat mass derived from DXA are not always equivalent, with relevant effects of gender and age influencing this relationship.
In addition, the measurement of regional adiposity by DXA is potentially more accurate than anthropometry measures, and more practical and cost effective than computed tomography or magnetic resonance imaging scans.
Some limitations of this study were the across-sectional nature of the data, and the ability to generalize the findings to other populations, since the sample was restricted to an urban Spanish setting. A further limitation was the lack of rigorous control over the degree of sexual development.
Notwithstanding these limitations, we believe that a significant effort was made to show the evolution of the adipose compartment, its distribution and the age and gender-related differences.
In conclusion, contrary to males, females showed from early infancy a smaller proportion of muscle mass and a higher proportion of body fat (from the age of 10), with fat deposits being mostly peripheral. With age, females showed a greater increase in the adipose compartment paired with an accelerated loss in the muscular compartment. Both proportions tended to level out between the ages of 51 and 65. Further research is required, including assessment of fat mass variables in order to unravel the dynamic of body composition and to understand the complex relationship between trunk fat mass deposits and the health risks associated with obesity.
